the-art land-surface reanalysis covering the most recent decades is highly relevant to foster 50 research into intra-seasonal forecasting in a changing climate, as it can provide consistent land 51 initial conditions to weather and climate models. 52
In recent years several improved global atmospheric reanalyses of the modern era from 1979 53 onwards have been produced that enable new applications of offline land-surface simulations. 54
These include ECMWF's Interim reanalysis (ERA-Interim, Dee 
Dataset and methods

97
The experimental set-up makes use of offline (or stand-alone) land simulations, which 98 represents a convenient framework for isolating benefits and deficiencies of different land 99 surface parameterizations (Polcher et al. 1998 ). In addition, in terms of computational cost, 100
given the complexity of the coupling with the atmosphere, offline simulations are much more 101 cost-effective (faster) to run than a full atmospheric-land assimilation system. 102
In this study, offline runs are performed both at the global and point scales. worldwide (from satellite remote sensing, in-situ, radio-sounding, profilers, etc.) and by the 125 analysis step that combines observations and Earth system model a-priori information in a 126 statistically optimal manner. In ERA-Interim two analyses per day are performed at 00 and 12 127 UTC times and serves as initial conditions for the subsequent forecasts. To create a 128 continuous time series of meteorological forcing therefore an opportune combination of 129 analyses and forecasts has been produced as detailed in the Fig. 1 . The weather forecast's 130 spin-up effects are typical of fields such as precipitation and radiation fluxes, for which the 131 first hours after the analysis are subject to some initial shock problem. The atmospheric 132 forcing data was gridded on the original reduced Gaussian grid (with a resolution of 0.7° at 133 the Equator) with a 3-hour time interval. ERA-Interim precipitation and radiation fields 134 (incoming long-and short-wave components) are generated by the forecast model and stored 135 as 3-hourly accumulations. To avoid possible spin-up effects of precipitation and radiation (as 136 documented in Kållberg 2011) on the offline land surface simulations, the 3-hourly surface 137 fluxes correspond to the 09-21h forecast intervals from initial conditions at 00 and 12 UTC. 138 ERA-Interim temperature, surface pressure, humidity and wind fields are instantaneous values 139 representative of the lowest model level corresponding to a height of 10m above the surface 140 and are extracted from the 03-12 forecast-range intervals and from both 00 and 12 UTC runs. 141
The schematic representation in Fig. 1 shows how the continuous meteorological forcing is 142 generated for a given day. The difference in the choice of forecast range selected for 143 instantaneous and accumulated fluxes is motivated by the spinup effect being a concern 144 mainly for the latter. The forecasts are then concatenated to produce a continuous 3-hourly 145 meteorological forcing data set that can be used to drive land surface simulations. The ERA-146
Interim 3-hourly precipitation is rescaled to match the GPCP monthly averages, as detailed by 147 Table 1 ). 181 In these runs observational constraints on the snow and soil water reservoirs such as those 309 applied by data assimilation is totally absent, however the resulting water reservoirs and the 310 fluxes both towards the atmosphere (heat and moisture) and the river discharges, are shown to 311 improve with respect to the original ERA-Interim output. In the following sections a 312 selection of results to prove the added value of ERA-Interim/Land is presented. 313
ISMN soil moisture observing network
Snow hydrology
Land fluxes verification
314
The land surface fluxes resulting from the offline-driven land simulations are validated 315 against two categories of land-controlled fluxes, the land-atmosphere turbulent heat and 316 moisture and the river discharges. 317
Latent and Sensible heat flux
318
The fluxes are measured over 34 FLUXNET, CEOP and BERMS flux-towers, as listed in 319 Table 1 . Correlation, mean bias and root mean squared differences are improved using the 320 ERA-Interim/Land surface scheme, indicating a higher skill in reproducing the land 321 atmosphere fluxes. 322
A detailed evaluation of the ERA-Interim (TESSEL) and ERA-Interim/Land (HTESSEL) 323 surface schemes in offline driven simulations for each site confirms a general improved 324 representation of both the latent and sensible heat fluxes (Fig. 6) . 325
An overall quantitative estimate of the improvements is reported in Table 2 . Both Latent and 326 Sensible heat fluxes indicate an average improvement of 8%, when adopting the ERA-327
Interim/Land surface scheme instead of the ERA-Interim surface scheme, evaluated as root-328 mean-square-error differences. 329 The correlation of ERA-Interim/Land soil moisture with the various observed soil moisture 388 networks varies depending on the network selected (Fig. 10) . This variation is similar in 389 manner to that seen with ERA-Interim but the correlation is not significantly improved. 390
River discharge
However, in Fig. 11 a Taylor diagram is used to illustrate a more detailed statistical 391 comparison of ERA-Interim/Land (in red), ERA-Interim (in blue), and in situ observations for 392 2010. In Fig. 11 the distance to the point marked "In situ" has been reduced with the ERA-393
Interim/Land, which indicates more realistic soil moisture variability (better reproduction of 394 the standard deviation of observations). 395 (Fig. 12) . This index is a 439 robust indicator and is more resilient to model biases compared to SDR, which in case snow 440 abundance may favour a biased snow scheme. The MODIS land surface albedo is used to 441 verify the ERA-Interim/Land, particularly in the snow representation in forest areas (Fig. 13)  442 in Northern Canada and Siberia, where conventional SYNOP observations are generally less 443 informative. Fig. 12c points to a substantially reduced albedo bias in the ERA-Interim/Land 444 attributed to the snow scheme revision described in Dutra et al. (2010) The ERA-Interim/Land dataset has been used operationally at ECMWF since 2010 for the 514 initialization of the past reforecasts needed for the monthly forecasting (Vitart et al. 2008) and 515 the seasonal prediction systems (Molteni et al., 2011) . 516
Snow
Ongoing research effort includes the extension of this dataset beyond 2010 using a different 517 dataset for precipitation based on the latest GPCC collections (Weedon, et al. 2014) and 518 application of the described methodology to future ECMWF reanalyses (Dee et al. 2013 Albergel, C., Balsamo, G., de Rosnay, P., Muñoz-Sabater, J. & Boussetta, S. A bare 538 ground evaporation revision in the ECMWF land-surface scheme: evaluation of its 539 impact using ground soil moisture and satellite microwave data. Hydrol. Earth Syst.
540
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